Overexpression of the adenylate cyclase gene cyaC facilitates current generation by Shewanella oneidensis in bioelectrochemical systems.
Electrochemically active bacteria (EAB) are capable of electrochemical interactions with electrodes via extracellular electron transfer (EET) pathways and serve as essential components in bioelectrochemical systems. Previous studies have suggested that EAB, such as Shewanella oneidensis MR-1, use cyclic AMP (cAMP) receptor proteins to coordinately regulate the expression of catabolic and EET-related genes, prompting us to hypothesize that the intracellular cAMP concentration is an important factor determining the electrochemical activities of EAB. The present study constructed an MR-1 mutant, cyaC-OE, that overexpressed cyaC, a gene encoding a membrane-bound class III adenylate cyclase, and examined its electrochemical and transcriptomic characteristics. We show that the intracellular cAMP concentration in cyaC-OE is more than five times that in wild-type MR-1, and that cya-OE generates approximately two-fold higher current in BES than the wild-type strain. In addition, the expression of genes involved in EET and anaerobic carbon catabolism is up-regulated in cya-OE compared to that in the wild-type strain. These results suggest that increasing the intracellular cAMP level is a promising approach for constructing EAB with high catabolic and electrochemical activities.